The Leiden 85-Plus Study is a population-based prospective followup study of inhabitants of Leiden, the Netherlands. Between 1997 and 1999, all inhabitants of the1912-1914 birth cohort (n=705) were Background and Purpose-Epidemiological studies have shown mixed findings on the association between hypertension and stroke in the oldest old. Heterogeneity of the populations under study may underlie variation in outcomes. We examined whether the level of physical and cognitive function moderates the association between blood pressure and stroke. Methods-We included 513 subjects aged 85 years old from the population-based Leiden 85-plus Study. Systolic blood pressure, diastolic blood pressure, mean arterial pressure, and pulse pressure were measured at baseline. 
C
linical trials have shown mixed findings on the benefit of antihypertensive treatment in lowering risk of stroke in very old age. 1 It has been suggested that heterogeneity of the populations under study underlies variety of outcomes, but the explanatory biological variables have as yet remained uncertain. 2, 3 Inherent mechanisms in brain vessels keep cerebral blood flow constant despite variations in blood pressure. 4 Once advanced cerebrovascular damage is present, these mechanisms cannot effectively regulate level of cerebral blood flow. 5, 6 Therefore, low systemic blood pressure in the presence of cerebrovascular damage may lead to decline in cerebral blood flow, which renders brain tissue vulnerable to ischemic events. 7 Both physical and cognitive impairment are common in very old age and are strongly associated with cerebrovascular pathologies and cerebral hypoperfusion. [8] [9] [10] [11] Hence, low systemic blood pressure in subjects with physical and cognitive impairment might reduce cerebral blood flow and increase risk of ischemic stroke.
In the Leiden 85-Plus Study, we have recruited a populationbased sample of the oldest old with a wide variety of functional impairments at 85 years of age who were prospectively followed for clinical outcomes. This allowed us to examine whether very old subjects with different levels of physical and cognitive impairment show different associations between high blood pressure and risk of stroke. We hypothesized that higher blood pressure in the presence of physical and cognitive impairment is associated with lower risk of stroke.
Stroke
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contacted in the month of their 85th birthday. There were no selection criteria on demographic features or health status. A total of 599 (397 women and 202 men) subjects agreed to participate (85%). As described previously, there was no significant difference between the demographic features and the health status of those who participated and those who did not. 12 Blood pressure measures and clinical data were available for 571 subjects. We excluded 58 subjects who had a clinically recognized stroke at baseline, leaving 513 subjects for this analysis. Participants were visited within 1 month after their 85th birthday at their homes where face-to-face interviews and clinical examinations were done. The medical ethical committee of the Leiden University Medical Center approved the study, and informed consent was obtained from all the subjects.
Blood Pressure
Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured at baseline, using a mercury sphygmomanometer, in seating position. During 2 home visits at 85 years of age, 2 blood pressure measurements were done 2 weeks apart. Blood pressure measurements were recorded after ≥5 minutes of rest and no vigorous exercise in the preceding 30 minutes. The mean value of the 2 measurements was calculated and used for further analyses. Mean arterial pressure (MAP) and pulse pressure (PP) were calculated as 1/3(SBP)+2/3(DBP) and (SBP)−(DBP), respectively, using the mean blood pressure of the 2 visits.
Stroke
The primary outcome of this study was fatal plus nonfatal stroke. In the Netherlands, detailed information on health status, emergency events, and patient hospitalizations are recorded with general practitioners. Occurrence of clinically recognized stroke during 5 years of follow-up was assessed by annually interviewing general practitioners (for subjects living independently) or nursing home physicians (for subjects living in a nursing home). We used the World Health Organization definition of stroke of rapidly developing clinical signs of focal (at times global) disturbance of cerebral functioning lasting >24 hours to identify subjects with stroke events. 13 To assess fatal stroke, we obtained dates of deaths from the Dutch civic registry and specific data on causes of death from Statistics Netherlands, which assigns codes for all national death certificates according to the International Classification of Diseases and Related Disorders, 10th revision. Death attributed to stroke was classified as the International Classification of Diseases and Related Disorders, 10th revision codes I60-I69.
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Physical and Cognitive Function
To evaluate level of physical impairment in the participants, we used Groningen Activity Restriction Scale, which is a nondiseasespecific instrument to measure impairment in activities of daily living (ADL). 15 In the Groningen Activity Restriction Scale, 9 questions refer to ADL. Using 4-category response for each question, a score of 9 indicates no impairment whereas a score of 36 indicates highest impairment in ADL. On the basis of the median ADL scores (10 points), participants were categorized into 2 groups of impaired (ADL score ≥10) and unimpaired (ADL score =9) physical function. Impairment in cognitive function was assessed in all participants using MiniMental State Examination (MMSE). 16 Similarly, on the basis of the median MMSE scores (26 points), participants were categorized into 2 groups of impaired (MMSE score ≤26) and unimpaired (MMSE score >26) cognitive function.
Demographic and Clinical Characteristics
Level of education was dichotomized into primary education and less versus more than primary education. Use of antihypertensive medication was extracted from pharmacy records. All participants were interviewed about their smoking habits and alcohol intake. Diabetes mellitus was considered present if diagnosed by the primary care physician, if the nonfasting glucose level was >11 mmol/L, or if a participant was taking antidiabetic medication. History of cardiovascular diseases, including ischemic heart disease, intermittent claudication, vascular surgery, arrhythmia, and heart failure, was obtained from general practitioners or nursing home physicians.
Statistical Analysis
Because distribution of ADL and MMSE scores was skewed, summary statistics of them are reported as median and interquartile range. Cox regression models were fitted with time-to-stroke as the outcome variable and each 10-mm Hg increase in various blood pressure measures as the determinants. First, we performed our analyses adjusted for sex and then we did further adjustments for history of cardiovascular diseases, diabetes mellitus, smoking, and use of antihypertensive medication in multivariate models. These variables were selected for multivariable analysis because they were correlated with level of blood pressure (data not shown) and have a well-established association with stroke. 17 Outputs of the Cox regression analyses were checked for violation of the proportional hazards and linearity assumptions. Furthermore, we performed a stratified analysis to test whether subjects with different levels of physical and cognitive function show different associations between blood pressure and stroke. Interaction between the level of physical and cognitive function with various blood pressure measures regarding the risk of stroke was tested by adding an interaction term in Cox regression models. All analyses were carried out using SPSS software (version 17.0.0, SPSS Inc, Chicago, IL). Table 1 summarizes the clinical characteristics of participants at 85 years of age. Mean values of SBP, DBP, MAP, and PP were 155, 77, 102, and 78 mm Hg, respectively. Median ADL and MMSE scores were 10 and 26, respectively. Clinical characteristics of the subjects with different levels of physical and cognitive function are separately presented in the supplement data (Tables S1 and S2 , respectively, available in the onlineonly Data Supplement). Subjects with physical and cognitive impairment had lower levels of blood pressure measures in comparison with those with unimpaired physical and cognitive function (all P<0.05). In addition, subjects with cognitive impairment had higher prevalence of myocardial infarction (P=0.03) and heart failure (P=0.04) in comparison with those with unimpaired cognitive function.
Results
During 5 years of follow-up, 58 (11.3%) of the 513 subjects developed stroke, of which 27 cases (46.5%) were fatal. Risk of stroke per each 10-mm Hg increase in various blood pressure measures in the whole population is presented in Table 2 . The proportional hazards and linearity assumptions of the Cox regression analyses were confirmed after checking the outputs. In the sex-adjusted models, there was no association between different measures of blood pressure and risk of stroke (all P>0.05). Further adjustment for sociodemographic and cardiovascular factors did not essentially change the estimates except for the association between higher PP and lower risk of all stroke (hazard ratio [HR], 0.80 [95% confidence interval {CI}, 0.66-0.98]). In a sensitivity analysis, we tested the association between blood pressure measures and risk of stroke in subjects who were not on antihypertensive medication. In this sensitivity analysis, we also found no association between different measures of blood pressure and risk of stroke (Table S3 ).
The Figure were present between SBP, DBP, MAP, and PP and level of physical function regarding the risk of stroke (all P for interaction <0.05). Similarly, we observed significant interactions between SBP, DBP, and MAP and level of cognitive function regarding the risk of stroke (all P for interaction <0.05). Interactions were most pronounced for those subjects who had both impaired physical and cognitive function (n=144) when compared with those who had neither of these disabilities (n=180). To explore whether use of >1 blood pressure value in our analyses changed our results, we performed a sensitivity analysis in which the association of mean blood pressure measures at 85 and 86 years of age with stroke events from 86 years of age onward was investigated. This sensitivity analysis did not change the effect estimates (data not shown). . In contrast, in subjects with impaired cognitive function, higher measures of blood pressure were associated with lower risk of stroke, which was statistically significant for SBP (HR, 0.80 [95% CI, 0.65-0.98]). To test whether the outcomes of this stratified analysis were dependent on specific MMSE cutoffs, we repeated our analyses using a MMSE cutoff at 20 points and found similar outcomes (data not shown).
Discussion
The main findings of this study are 2-fold. First, high blood pressure is not associated with increased risk of stroke in a general population of the oldest old. Second, in subjects with physical and cognitive impairment, high blood pressure might be paradoxically associated with lower risk of stroke.
Although hypertension has been recognized as a strong risk factor for stroke, current evidence shows that the predictive value of high blood pressure for stroke attenuates with age. 18 In line with this evidence, we found that high blood pressure is not associated with increased risk of stroke in the oldest old. Furthermore, our observations suggest that in very old age, high blood pressure in the presence of physical and cognitive impairment, reflecting high load of brain vascular pathologies, may preserve cerebral perfusion and lower risk of stroke. This observation might be explained in different ways. First, lower Hazard ratio (HR) was measured for each 10-mm Hg increase in blood pressure measures. Analyses were adjusted for sex, cardiovascular diseases, diabetes mellitus, antihypertensive medication, and smoking. HR indicates hazard ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; PP, pulse pressure. Associations between blood pressure and risk of stroke dependent on level of physical and cognitive function. Unimpaired physical function was defined as activities of daily living (ADL) score=9 and impaired physical function as ADL score ≥10. Unimpaired cognitive function was defined as Mini-Mental State Examination (MMSE) score >26 and impaired cognitive function as MMSE score ≤26. Subjects with unimpaired physical and cognitive function had both ADL score =9 and MMSE score >26, whereas subjects with impaired physical and cognitive function had both ADL score ≥10 and MMSE score ≤26. Hazard ratio (HR)s were estimated for each 10-mm Hg increase in blood pressure adjusted for sex, cardiovascular diseases, diabetes mellitus, antihypertensive medication, and smoking. SBP indicates systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; PP, pulse pressure. by guest on August 31, 2017 http://stroke.ahajournals.org/ Downloaded from blood pressure in subjects with physical and cognitive impairment might be related to better treatment of hypertension in high-risk subjects. Furthermore, low blood pressure-related risk of stroke in subjects with previous functional impairment can be attributed to the fact that structural heart disease and poor cardiac functioning are associated with both low blood pressure and risk of stroke. 19 This might partially explain different associations between blood pressure measures and stroke in subjects with different levels of cognitive function, because subjects with cognitive impairment had higher prevalence of myocardial infarction and heart failure. However, subjects with physical impairment did not have more cardiovascular pathologies at 85 years of age compared with the subjects with unimpaired physical function. Additionally, the observed associations in this study did not essentially change after adjustment for antihypertensive medications and most known risk factors for cardiovascular disease, such as sex, smoking, diabetes mellitus, and history of cardiovascular diseases.
The alternative explanation can be that low blood pressure may lead to insufficient cerebral perfusion, particularly in the presence of advance cerebrovascular damage. 20 It is well-established that both physical and cognitive impairment are associated with structural and functional alterations in the brain vasculature leading to impaired cerebral perfusion. 21, 22 In this setting, our findings may imply that higher blood pressure in the presence of advanced brain vascular damage can play a compensatory role to improve cerebral perfusion and thereby lower risk of ischemic events, especially low-flow infarcts. 23 However, we are not able to make a causal inference solely from our observational data and further experimental and interventional studies are needed to examine this hypothesis.
Although the number of oldest-old subjects is rapidly increasing and prevalence of hypertension as well as functional impairment is high in this age group, 24 clinical guidelines on antihypertensive therapy in very old subjects with different comorbidities and functional impairment are not clear. 25 This ambiguity might stem from the fact that clinical trials have generally enrolled healthy and competent older participants whereas very old individuals with multiple morbidities and cognitive impairment have participated less in such studies. 26 Previously, it has been shown that results of the published trials are not always applicable to the treatment of older frail patients with multiple comorbid conditions and concomitant functional impairment. 27 Findings of the current study may support further investigations to optimize benefits of blood pressure control in very old patients based on level of functional impairment.
Our study has certain strengths and major limitations. As a strength, this study was conducted in a relatively large population of the oldest-old people with a long-term follow-up period. As a major limitation, we did not have neuroimaging data to identify subjects with unrecognized cerebrovascular pathologies at baseline. Similarly, we were not able to determine type, load, and location of stroke events during follow-up period. However, it has been reported that the majority of strokes in subjects aged ≥80 years are of the ischemic type. 28, 29 Another limitation of this study is that we used only ADL and MMSE to estimate level of physical and cognitive impairment. Because there is no single criterion or definition for physical and cognitive impairment, ADL and MMSE may not fully reflect level of physical and cognitive impairment, respectively. Detection of outcomes by interviewing general practitioners might be the other potential limitation of this study. This method could result in detection bias explaining the differential blood pressure effect in subjects with different levels of functional impairments. In addition, it was possible that general practitioners had different diagnostic sensitivity in patients with and without physical and cognitive impairment.
In conclusion, our findings suggest that impaired physical and cognitive functioning moderates the traditional association between higher blood pressure and increased risk for stroke. We found that in subjects with physical and cognitive impairment, a higher blood pressure was associated with lower risk of stroke. Given the observational design of this study and the mentioned limitations, caution should be used in interpretation of our results as we cannot make a causal inference from our findings. However, these findings merit further interventional and experimental studies, combined with imaging techniques, to test whether less intensive control of blood pressure in patients with physical and cognitive impairment, can contribute to better cerebral perfusion and prevention of subsequent cerebrovascular events.
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